A practical, simple and efficient method for the synthesis of polysubstituted dihydropyridines was described via multicomponent reactions of aldehydes, arylamines, dimethyl acetylenedicarboxylate and malononitrile/ethyl acetoacetate in the presence of Fe 3 O 4 @SiO 2 -NH 2 nanocomposites. The present methodology provides a novel and efficient method for the synthesis of dihydropyridine derivatives with some advantages, such as excellent yields, short reaction times, recoverability and low catalyst loading. The nanomagnetic catalyst could be readily recovered using an external magnet and reused several times without any significant loss in activity. The catalyst was fully characterized by FT-IR, SEM, XRD, EDX and VSM analysis.
Introduction
Substituted dihydropyridone derivatives are an important class of nitrogen heterocyclic compounds due to a variety of biological and pharmacological activities 1 such as: antihypertension, 2 antioxidant, 3,4 anticancer 5 and antitumor activity. 6 However, there are many methods for the synthesis of dihydropyridines. Among various dihydropyridine structures, some of them have medicinal properties such as: nicardipine 1 and nifedipine 2, 7 isradipine 3 and niguldipine 4, 8 which exhibit dihydropyridine moiety ( Figure 1 ).
Consequently, synthesis of highly functionalized dihydropyridine derivatives, with the aim of developing new drug molecules has been an active area of research. Recently, much attention has been paid to the development of new methodologies for the preparation of dihydropyridines. The main synthetic routes for the preparation of substituted dihydropyridines are Hantzsch method via the cyclocondensation of an aldehyde, β-ketoester and ammonia, 9 regioselective [4+2] cycloaddition of 1-aryl-4-phenyl-1-azadienes and allenic esters for the synthesis of N-aryl-1,4-DHPs, 10 and a multi-component reaction of alkyl amines, ethyl propiolate, and benzal- Magnetic nanoparticles show a great potential as catalysts because of their large surface area and the large ratio of atoms available at the surface to perform the chemical transformation of substrates. 17, 18 However, the bare Fe 3 O 4 nanoparticles have high reactivity and easily undergo degradation upon direct exposure to certain environments, leading to poor stability and dispersity. Therefore, the surface of magnetic nanoparticles should be modified to improve the dispersity and biocompatibility, which could significantly facilitate its utilization.
Fe 3 O 4 @SiO 2 -NH 2 nanocomposites are one of the most important supported magnetite nanostructures which have received great attention due to their significant properties and potential applications in various fields. 19 This kind of catalyst is eco-friendly, non-toxic, non-volatile and can be recycled several times without loss of activity in the reaction. The use of these nanoparticles follows the principles of green chemistry.
Recently, functionalized Fe 3 O 4 nanocatalysts were applied as a robust and effective catalyst in many organic reactions, such as: Knoevenagel condensation and Michael addition, 20 Suzuki and Heck cross-coupling, 21 asymmetric aldol reaction, 22 Suzuki coupling, 23 asymmetric hydrogenation of aromatic ketones, 24 acetalization reaction, 25 reduction of nitro aromatic compounds, 26 cyanosilylation of carbonyl compounds, 27 Henry reaction, 28 enantioselective direct-addition of terminal alkynes to imines. 29 In continuation of the progress of the synthetic approach to the synthesis of heterocyclic compounds using reusable nanocatalysts and multi-component reactions, [30] [31] [32] [33] [34] herein we report a simple, efficient, mild and practical method for the synthesis of polysubstituted dihydropyridines via a four-component coupling reaction in the presence of Fe 3 O 4 @SiO 2 -NH 2 nanocomposite as a green and environmentally benign nanocatalyst in ethanol as solvent at room temperature (Scheme 1).
Results and Discussion
The chemical purity of the samples as well as their stoichiometry was tested by energy dispersive X-ray spectroscopy (EDX) studies. The EDX spectrum given in Figure 2a shows the presence of Fe and O as the only elementary components of Fe 3 O 4 NPs. EDX spectrum of Fe 3 O 4 @SiO 2 in Figure 2b shows the elemental composition of core-shell nanocomposite to be Fe, Si and O. EDX Figure 2c shows the elemental composition of amino-functionalization silicacoated magnetite nanocomposite with core-shell structure to be Fe, Si, C, O and N. Scanning electron microscopy (SEM) images of the prepared nanostructures are shown in Figure 3 . Figure 5 . For the bare magnetic nanoparticle (Figure 5a) We decided to optimize the four-component reaction of benzaldehyde, aniline, dimethyl acetylenedicarboxylate and malononitrile as a model study. The reaction conditions were optimized on the base of solvents, catalysts and different temperatures. The product of this model reaction is dimethyl-6-amino-5-cyano-4-(4-cyanophenyl)-1-phenyl-1,4-dihydropyridine-2,3-dicarboxylate (5a) (Scheme 2).
Firstly, to obtain the best reaction conditions for the synthesis of polysubstituted dihydropyridine 5a, the model study was carried out in the presence of various catalytic systems including homogenous and heterogeneous catalysts. As can be seen from Table 1 , among the various catalysts, Fe 3 O 4 @SiO 2 -NH 2 core-shell nanostructures were found to be the most effective catalyst for the synthesis of polysubstituted dihydropyridine 5a at room temperature.
To find the optimized amount of the catalyst, the preparation of dihydropyridine 5a was carried out using different amounts of Fe 3 O 4 @SiO 2 -NH 2 as the catalyst (0.002, 0.005, 0.01, 0.02, 0.03 g). The best result was obtained by using 0.01 g of Fe 3 O 4 @SiO 2 -NH 2 nanocomposites at room temperature.
In continuation of this research, to select the appropriate solvent, various solvents such as, dichloromethane, DMF, water, toluene and ethanol were used in the model reaction in the presence of Fe 3 O 4 @SiO 2 -NH 2 at room temperature. As shown in Table 2 , we found that ethanol is the most efficient solvent for the synthesis of polysubstituted dihydropyridine 5a, giving the product in 94% yield (Table 2 , entry 6).
The substrate scope of this protocol for the synthesis of a variety of polysubstituted dihydropyridines was studied next by applying various amines and aldehydes to the reaction (Scheme 1 and Table 3 ). As shown in Table 3 , aniline derivatives, including those bearing electron-donating or electron-withdrawing as well as sterically demanding substituents, reacted very well to afford the desired products 5a-t in excellent yields over short reaction times. Also, various arylamines with electron-releasing groups such as methoxy and methyl groups reacted in short reaction times and giving products with higher yields than those with electron-withdrawing groups such as NO 2 and Cl. In addition, aryl aldehydes with electron-withdrawing groups such as NO 2 , Cl and Br reacted very smoothly to produce highly functionalized dihydropyridines in relatively short reaction times in comparison with aryl aldehydes bearing electron-donating groups, but sterically hindered aldehydes reacted more slowly compared to unhindered aldehydes.
As the results in Table 3 show, Fe 3 O 4 @SiO 2 -NH 2 proved to be a useful nanomagnetic heterogeneous acid nanocatalyst for green synthesis of polysubstituted dihydropyridines in excellent yields.
A plausible mechanism for the preparation of highly functionalized dihydropyridines using Fe 3 O 4 @SiO 2 -NH 2 NPs is shown in Scheme 4, given on the basis of our experimental results together with some literature data. [12] [13] [14] It is likely that NH 2 groups on the surfaces of nanoparticles act as a Brønsted base and cause the dehydrogenation of substrates. 
Experimental

1. General
Chemicals were purchased from the Sigma-Aldrich and Merck in high purity. All of the materials were of commercial reagent grade and were used without further purification. All melting points are uncorrected and were determined in capillary tube on Boetius melting point microscope. NMR spectra were obtained on a Bruker DRX-400 MHz spectrometer ( 1 H NMR at 400 Hz, 13 C NMR at 100 Hz) with CDCl 3 as the solvent, using TMS as an internal standard. Chemical shifts (δ) are given in ppm and coupling constants (J) in Hz. FT-IR spectrum was recorded on Magna-IR, spectrometer 550. The elemental analyses (C, H, N) were obtained from a Carlo Erba Model EA 1108 analyzer. Powder X-ray diffraction (XRD) was carried out on a Philips diffractometer of X'pert Company with monochromatic Cu Kα radiation (λ = 1.5406 Å). Microscopic morphology of the products was visualized by SEM (LEO 1455VP). The mass spectra were recorded on a Joel D-30 instrument at an ionization potential of 70 eV. Magnetic properties were obtained on a BHV-55 vibrating sample magnetometer (VSM) made by MDK, I. R. Iran. The compositional analysis was done by energy dispersive analysis of X-ray (EDX, Kevex, Delta Class I). l (100 mL, 1.2 mM) in an ultrasonic bath (30 min). Then, aqueous NaOH (150 mL, 1.25 M) was added under vigorous stirring and a black precipitate was immediately formed. The resulting solution was heated at 80 °C with rapid mechanical stirring under N 2 atmosphere (2 h). The black products were centrifuged, filtered off and washed with deionized water and ethanol several times, and finally dried at 60 °C for 12 h.
2. Preparation of Fe 3 O 4 Nanoparticles
Preparation of Fe 3 O 4 @SiO 2 Nanoparticles
Fe 3 O 4 @SiO 2 core-shell nanoparticles were prepared via modified Stöber sol-gel process. 36 30 mg as-prepared Fe 3 O 4 submicrospheres were ultrasonically dispersed in a solution containing 160 mL ethanol, 40 mL water and 10 mL concentrated ammonia (28 wt%). Then, 0.4 mL TEOS was added dropwise to the solution under sonication, followed by mechanical stirring for 3 h at room temperature. Subsequently, the resulting particles were separated using a magnet and washed with deionized water and ethanol. This step was repeated several times before drying at 60 °C for 12 h.
4. Preparation of Fe 3 O 4 @SiO 2 -NH 2
Fe 3 O 4 @SiO 2 -NH 2 MNPs were prepared according to a previously reported procedure by Jiahong Wang et al. 37 Amino-functionalized Fe 3 O 4 @SiO 2 nanocomposite was prepared by surface functionalization of Fe 3 O 4 @Si-O 2 nanocomposite using (3-aminopropyl)triethoxysilane (APTES). 2 g of Fe 3 O 4 @SiO 2 nanocomposite and 50 mL of toluene were added to a 250 mL three-necked flask and then ultrasonically dispersed for 15 min. 4 mL of APTES (Sigma) was then added into the flask, and the mixture was refluxed at 110 °C with continuous stirring for 12 h under a nitrogen flow (40 mL/min). The resulting functionalized Fe 3 O 4 @SiO 2 was gathered by filtration followed by washing with ethanol and acetone several times and drying at 50 °C under vacuum for 12 h. The materials obtained are referred to as Fe 3 O 4 @SiO 2 -NH 2 nanocomposite (Scheme 2).
5. General Procedure for the Synthesis of 1,4-Dihydropyridine Derivatives 5a-t
A solution of aldehyde (1 mmol), malononitrile/ethylcyanoacetate (1 mmol) and Fe 3 O 4 @SiO 2 -NH 2 NPs (0.01 g) were stirred in 5 mL of ethanol at room temperature. Then, a solution of aromatic amine (1 mmol) and acetylenedicarboxylate (1 mmol) in 5 mL ethanol was added to it. The resulting mixture was stirred until the reaction was completed as indicated by thin-layer chromatography (TLC), then the catalyst was separated by an external magnet, the solid obtained was filtered and washed well with cold ethanol. The crude product was crystallized from hot ethanol to afford the pure product in high yield.
All of the products were characterized and identified with m.p., 1 H, 13 C NMR and FT-IR spectroscopy techniques. Spectral data of the new products are given below. Ethyl-2,3-dimethyl-6-amino-4-(3-nitrophenyl)-1-(ptolyl)-1,4-dihydropyridine-2,3,5-tricarboxylate (5m) 6-amino-1-(4-chlorophenyl)-5-cyano-4-(4-cyanophenyl)-1,4-dihydropyridine-2,3- 
5-
Dimethyl-
6. Catalyst Recovery
After completion of the reaction, the catalyst was separated using an external magnet and then was washed three to four times with chloroform and ethyl acetate and then dried at 50 °C for 10 h. The separated catalyst was used for six cycles with a slightly decreased activity as shown in Table 4 . 
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Conclusions
In summary, here we describe an efficient method for the synthesis of polysubstituted dihydropyridines through a one-pot four-component reaction of aldehydes, aryl amines, dimethyl acetylenedicarboxylate and malononitrile/ethyl acetoacetate using Fe 3 O 4 @SiO 2 -NH 2 nanocomposites at room temperature. This method offers several advantages including high yields, short reaction times, simple work-up procedure, mild and green reaction conditions, ease of separation, recyclability and reusing of the magnetic nanocatalyst.
